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DESCRIPTION 

MOBILE COMMUNICATION SYSTEM WITH IMPROVED 
TRACKABILITY IN TRANSMISSION POWER CONTROL 

5 

Technical Field 
[0001] 

The present Invention relates to a mobile communication system for 
performing transmission power control. 
10 Background Art 
[0002] 

In a CDMA (Code Division Multiple Access) mobile communication 
system, a plurality of mobile stations use the same frequency band. Usually, 
the mobile stations each have a different distance from a radio base station. 

15 Also, for a mobile station, the radio waves of a radio link from another mobile 
station cause interference. Therefore, it is preferable for the entire system 
that the transmission power of each apparatus is minimized within limits in 
which a predetermined communication quality can be ensured. For this 
reason, in the CDMA mobile communication system, transmission power for 

2 o radio base stations and mobile stations is controlled for each mobile station 
by Inner Loop Power Control (for example, refer to 3PP TS 25.214 V3.7.0, 
3rd Generation Partnership Project; Technical Specification Group Radio 
Access Network; "Physical layer Procedures (FDD)", June 2001, pp. 12-20). 
[0003] 

2 5 In the CDMA mobile communication system, soft handover is used for 

switching radio base stations. In soft handover, one mobile station can 



connect with a plurality of radio base stations. With this system, it is possible 
to switch radio base stations without disconnection. Also, soft handover 
contributes to maintaining communication quality by due to the effects of site 
diversity. 
5 [0004] 

Referring to Fig. 1 , in a conventional CDMA mobile communication 
system, mobile station 93 connects with both radio base station 91 and radio 
base station 92 by radio links through soft handover. Radio links from radio 
base stations 91 , 92 to mobile station 93 are DL (Down Link). And, radio 
10 links from mobile station 93 to radio base stations 91 , 92 are UL (Up Link). 
[0005] 

Explanations will be given of transmission power control with 
reference to Fig. 1. 
[0006] 

15 A UL target receiving level is given to radio base stations 91 , 92, for 

example, from a base station control apparatus not shown. Radio base 
stations 91 , 92 control transmission power from mobile stations 93 to ULs so 
that UL signal receiving levels from mobile stations 93 are close to the UL 
target receiving level. Incidentally, the UL receiving level and the UL target 

2 0 receiving level are indicated by SIR (Signal to Interference Ratio). 
[0007] 

Specifically, radio base stations 91 , 92 receive UL signals from mobile 
station 93 and measure the UL receiving levels. Then, radio base stations 91 , 
92 compare the UL receiving levels with the UL target receiving level. 
2 5 Subsequently, radio base stations 91 , 92 instruct mobile stations 93 to raise 
transmission power for ULs when the UL receiving levels are smaller than the 



UL target receiving level. Also, radio base stations 91 , 92 instruct mobile 
station 93 to lower transmission power for the ULs when the UL receiving 
levels are larger than the UL target receiving levels. 
[0008] 

5 Further, radio base stations 91 , 92 change transmission power for DLs 

in accordance with instructions from mobile station 93. Specifically, radio 
base stations 91 , 92 raise transmission power for DLs when mobile station 
93 instructs radio base stations 91 , 92 to raise transmission power. Radio 
base stations 91 , 92 lower transmission power for the DLs when mobile 
10 station 93 instructs radio base stations 91 , 92 to lower transmission power. 
[0009] 

Mobile station 93 controls transmission power from radio base stations 
91 , 92 to DLs so that DL signal receiving levels from radio base stations 91 , 
92 are close to the predetermined DL target receiving level. Also, the DL 
15 receiving level and the predetermined UL receiving level are indicated by SIR 
or the like. 
[0010] 

Specifically, mobile station 93 receives DL signals from radio base 
stations 91 , 92 to synthesize or select the DL signals, and measures the DL 

2 0 receiving levels. Then, mobile station 93 compares the DL receiving levels 
with the DL target receiving level. Subsequently, mobile station 93 instructs 
radio base stations 91 , 92 to raise the transmission power for DLs when the 
DL receiving levels are smaller than the DL target receiving level. Also, 
mobile station 93 instructs radio base stations 91 , 92 to lower the 

2 5 transmission power for DLs when the DL receiving levels are larger than the 
DL target receiving levels. 
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[0011] 

Further, mobile station 93 changes transmission power for ULs in 
accordance with instructions from radio base stations 91 , 92. Specifically, 
mobile station 93 raises transmission power for DLs when both radio base 
5 stations 91 , 92 instruct mobile station 93 to raise transmission power. Mobile 
station 93 lowers transmission power for ULs when at least one of radio base 
stations 91 , 92 instructs mobile station 93 to lower transmission power. 

Disclosure of Invention 
10 [0012] 

In conventional transmission power control, there is a possibility that 
transmission power is not appropriately controlled. Hereinafter, this 
possibility will be explained. 
[0013] 

15 As shown in Fig. 1 , it is assumed that mobile station 93 is closer to 

radio base station 92 than radio base station 91 and the transmission power 
of radio base station 91 is larger than that of radio base station 92. 
[0014] 

When attention is paid to DL, the transmission power of radio base 
20 station 91 is large, and thus there is a possibility that mobile station 93 can 
receive a signal having sufficient quality from radio base station 91 (for 
example, Bit Error Rate is not less than 10~ 6 ) while mobile station 93 cannot 
receive a signal having sufficient quality from radio base station 92. 
Simultaneously, when an attention is paid to the UL, mobile station 93 is 
25 close to radio base station 92, and thus there is a possibility that radio base 
station 92 can receive a signal having sufficient quality from mobile station 93 
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while radio base station 91 cannot receive a signal that has sufficient quality 

from mobile station 93. 

[0015] 

Radio base station 91 instructs mobile station 93 to raise the 
5 transmission power because radio base station 91 cannot receive UL signals 
with sufficient quality. On the other hand, radio base station 92 instructs 
mobile station 93 to lower the transmission power because radio base station 
92 can receive UL signals with sufficient quality. DL from radio base station 
92 to mobile station 93 is not in the sufficient quality. However, the amount of 
10 information in the control instructions is small and these instructions are 
repeatedly transmitted, and thus control instructions are communicated so 
that to some extent they can have an effect on the determination of 
transmission power. 
[0016] 

15 Mobile station 93 that receives these control instructions lowers the 

transmission power since the instructions from at least one radio base station 
(in this case, radio base station 92) instruct the transmission power to be 
lowered. Accordingly, the transmission power for ULs of mobile station 93 is 
lowered. As a result, a situation is maintained in which signals concerning 

2 0 D1 from radio base station 91 are dominant, and signals concerning UL to 
radio base station 92 are dominant. 
[0017] 

Under this condition, the control instructions from radio base station 
92 to mobile station 93 are not sufficiently communicated, and thus there is a 
2 5 possibility that the transmission power control for UL is degraded in 

trackability and is not in order. For example, when the UL transmission 
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condition from mobile station 93 to radio base station 92 worsens due to 
fading or shadowing, control for raising the transmission power of mobile 
station 93 cannot track this worsening condition. Accordingly, in the worst 
case, a call is disconnected. Similarly, control instructions from mobile 
5 station 93 to radio base station 91 are not sufficiently, communicated, and 
thus the transmission power control for DL from radio base station 91 is 
degraded in trackability. 
[0018] 

The present invention has its object to provide a transmission power 
10 control method with improved trackability, and a mobile communication 
system and a mobile station apparatus that use this method. 
[0019] 

To achieve the above-mentioned object, a mobile communication 
system according to the present invention is a mobile communication system 
15 performing soft handover and transmission power control and is provided 
with a plurality of radio base stations and a mobile station. 
[0020] 

The radio base station transmits up-transmission power instruction 
information for instructing that up-transmission power be lowered to a down- 
2 0 link when the receiving level of an up-link is not less than a predetermined 
up-target value, and transmits up-transmission power instruction information 
for instructing that up-transmission power be raised to the down-link when 
the receiving level is below the predetermined up-target value. 
[0021] 

2 5 The mobile station determines up-transmission power using only the 

up-transmission power instruction information from the radio base station 
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having down-links with a predetermined communication quality or more, from 
among up- transmission power instruction information received from the 
plurality of radio base stations connected through the soft handover. 
[0022] 

5 According to the present invention, during the soft handover, the 

mobile station selects the up-transmission power instruction information from 
the radio base station having down-links with a predetermined 
communication quality or more, from among up-transmission power 
instruction information received from the plurality of radio base stations, and 
10 determines the transmission power using only the selected up-transmission 
power instruction information. Accordingly, signals are communicated 
between the radio base station and the mobile station smoothly, and this 
thereby improves trackability of power in transmission power control. 

15 Brief Description of the Drawings 
[0023] 

[Fig. 1] Fig. 1 is a view showing a configuration of a conventional 
CDMA mobile communication system. 

[Fig. 2] Fig. 2 is a view showing a configuration of a mobile 
20 communication system of an embodiment according to the present invention. 

[Fig. 3] Fig. 3 is a block diagram showing configurations of radio base 
stations and a mobile station shown in Fig. 1 . 

[Fig. 4] Fig. 4 is a flow chart showing an up-transmission power control 
operation in the mobile station. 

25 

Best Mode for Carrying Out the Invention 
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[0024] 

Explanations will be given of an embodiment according to the present 
invention. 
[0025] 

5 Referring to Fig. 2, a mobile communication system of the 

embodiment is provided with radio base stations 11,12 and mobile station 13. 
The mobile communication system of the embodiment is also provided with 
functions of soft handover and transmission power control. 
[0026] 

10 Radio base stations 11,12 connect with mobile station 1 3 by radio 

links and provide communication paths between mobile station 1 3 and a 
person with another terminal. 
[0027] 

Mobile station 13 is a portable terminal, is connected with a radio base 
15 station within a positioned area by radio links, and establishes 

communication with the person having the other terminal via the radio base 
station. In soft handover, mobile station 13 is capable of connecting with a 
plurality of radio base stations simultaneously. In Fig. 2, mobile station 13 
connects with both radio base station 1 1 and radio base station 12 
2 0 simultaneously. 
[0028] 

Fig. 3 is a block diagram showing the configurations of the radio base 
stations and the mobile station shown in Fig. 2. The configuration of radio 
base station 1 1 is similar to that of radio base station 12. 
2 5 [0029] 

Radio base station 1 1 is provided with receiver 21 , transmitter 22, DL 



(Down Link) transmission power calculation unit 23, UL (Up Link) SIR 
measurement unit 24, and UL (Up Link) SIR comparison unit 25. 
[0030] 

Receiver 21 receives UL (Up Link) signals from mobile station 13 and 
5 transmits the UL signals to DL transmission power calculation unit 23 and UL 
SIR measurement unit 24. 
[0031] 

DL transmission power calculation unit 23 extracts down-transmission 
power instruction information from signals received from the receiver 21 , and 

10 calculates a value of down-transmission power to be used in transmitter 22 
based on the down-transmission power instruction information and informs 
transmitter 22 of the value. The down-transmission power instruction 
information is information of instructions for raising or lowering transmission 
power from the mobile station to the radio base station. For example, a 

1 5 plurality of transmission power values at different levels is previously set for 
radio base station 1 1 . When DL transmission power calculation unit 23 
receives an instruction from mobile station 13 for raising the transmission 
power, DL transmission power calculation unit 23 acquires a transmission 
power value higher than the current value by one level and gives it to 

20 transmitter 22. A case of lowering the transmission power is also similar. 

When DL transmission power calculation unit 23 receives an instruction from 
mobile station 1 3 for lowering the transmission power, DL transmission power 
calculation unit 23 acquires a transmission power value lower than the 
current value by one level and gives it to transmitter 22. 

25 [0032] 

UL SIR measurement unit 24 measures the receiving level of UL 
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signals from mobile station 13 and informs UL SIR comparison unit 25 of the 
receiving level. As an example, a UL receiving level is designated by SIR, 
and is called UL SIR (Up Link SIR). 
[0033] 

UL SIR comparison unit 25 compares UL SIR from UL SIR 
measurement unit 24 with a predetermined UL target receiving level 
(hereinafter, called UL target SIR) and transmits up-transmission power 
instruction information based on the comparison result to transmitter 22. UL 
target SIR is a parameter which can be freely changed and is previously 
given from a base station control apparatus not shown. Alternatively, UL 
target SIR may be a fixed value. 
[0034] 

At this time, UL SIR comparison unit 25 transmits up-transmission 
power instruction information for raising up-transmission power to transmitter 
22 when UL SIR is smaller than UL target SIR. Also, UL SIR comparison unit 
25 transmits up-transmission power instruction information for lowering up- 
transmission power to transmitter 22 when UL SIR is larger than UL target 
SIR. 
[0035] 

Transmitter 22 transmits up-transmission power instruction information 
from UL SIR comparison unit 25 to mobile station 13. Also, transmitter 22 
transmits a signal to DL at the transmission power value instructed by DL 
transmission power calculation unit 23. 
[0036] 

Mobile station 13 is provided with receiver 26, transmitter 27, UL (Up 
Link) transmission power calculation unit 28, DL (Down Link) SIR 
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measurement unit 29, and DL (Down Link) SIR comparison unit 30. 
[0037] 

Receiver 26 receives DL signals from the radio base station and 
transmits the DL signals to UL transmission power calculation unit 28 and DL 
5 SIR measurement unit 29. In the soft handover, receiver 26 receives signals 
from a plurality of radio base stations (radio base stations 1 1 , 1 2 in Fig. 2) 
and transmits the signals to UL transmission power calculation unit 28 and 
DL SIR measurement unit 29. 
[0038] 

10 UL transmission power calculation unit 28 extracts up-transmission 

power instruction information from the signals received from the receiver 26, 
and calculates the value of up-transmission power to be used in transmitter 
27 based on the up-transmission power instruction information and informs 
transmitter 22 of the value. The up- transmission power information is 

15 information of instructions from the radio base station to the mobile station for 
raising or lowering transmission power. For example, a plurality of 
transmission power values at different levels is previously set for mobile 
station 13. When UL transmission power calculation unit 28 decides to raise 
the transmission power based on instructions from the radio base station, UL 

2 0 transmission power calculation unit 28 acquires a transmission power value 
higher than the current value by one stage and gives it to transmitter 22. A 
case of lowering the transmission power is also similar. When UL 
transmission power calculation unit 28 determines to lower the transmission 
power based on an instruction from the radio base station, UL transmission 

2 5 power calculation unit 28 acquires a transmission power value lower than the 
current value by one level and gives it to transmitter 22. 
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[0039] 

During soft handover, UL transmission power calculation unit 23 
receives up-transmission power instruction signals from a plurality of radio 
base stations (in the embodiment, radio base stations 11,12). At this time, 
5 first, DL transmission power calculation unit 23 selects up-transmission 
power instruction information extracted from DLs of a predetermined 
communication quality or more. In this case, the predetermined 
communication quality is a parameter which is designated by BER (Bit Error 
Rate) and which is changeable. For example, BER = 10~ 6 is satisfied. Then, 

10 DL transmission power calculation unit 23 decides to raise the transmission 
power when all pieces of the selected up-transmission power instruction 
information instruct that the transmission power to be raised. Also, DL 
transmission power calculation unit 23 decides to lower the transmission 
power when at least one piece of selected UL transmission power instruction 

15 information instructs that the transmission power be lowered. Incidentally, in 
the embodiment, up-transmission power instruction information is selected by 
the communication quality such as BER, however, the receiving level such as 
SIR may be used. 
[0040] 

20 DL SIR measurement unit 29 measures the receiving level of DL 

signals from radio base stations 1 1 , 12 and informs DL SIR comparison unit 
30 of the receiving level. As an example, a down-link receiving level is 
designated by SIR, and is called DL SIR (Down Link SIR). 
[0041] 

25 DL SIR comparison unit 30 compares DL SIR from DL SIR 

measurement unit 29 with a predetermined down link target receiving level 
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(hereinafter, called DL target SIR) and transmits DL transmission power 
instruction information based on the comparison result to transmitter 27. DL 
target SIR may be a parameter that can be being freely changed and may be 
a fixed value. 
5 [0042] 

At this time, DL SIR comparison unit 30 transmits down-transmission 
power instruction information for raising down-transmission power to 
transmitter 27 when the DL SIR is smaller than the UL target SIR. Also, DL 
SIR comparison unit 30 transmits down-transmission power instruction 
10 information for raising down-transmission power to transmitter 27 when the 
DL SIR is larger than the DL target SIR. 
[0043] 

Transmitter 27 transmits down-transmission power instruction 
information from DL SIR comparison unit 30 to radio base stations 11 , 12. 
15 Also, transmitter 27 transmits a signal to UL at the transmission power value 
instructed by UL transmission power calculation unit 28. 
[0044] 

Explanations will be given of up-transmission power control during soft 
handover in the mobile communication system according to the embodiment. 
20 [0045] 

As shown in Fig. 2, mobile station 13 connects with both radio base 
station 1 1 and radio base station 1 2 by the soft handover. 
[0046] 

First, radio base stations 11,12 measure the UL SIR of ULs from 
25 mobile station 1 3. Then, radio base stations 11,12 compare the measured 
UL SIR with the predetermined UL target SIR and decides to instruct mobile 



station 13 whether to raise or to lower the transmission power. Then, radio 
base stations 11,12 transmit the determined instructions to mobile station 1 3 
as up-transmission power instruction information. 
[0047] 

5 Referring to Fig. 4, mobile station 13 which has received the up- 

transmission power instruction information from radio base stations 11,12 
selects up-transmission power instruction information from DLs having a 
good communication quality (Step 101). Then, it is determined whether or 
not all pieces of the selected up-transmission power instruction information 
10 are instructions for raising the transmission power (Step 102). 
[0048] 

When all pieces of the up-transmission power instruction information 
are instructions for raising the transmission power, mobile station 13 raises 
the transmission power to ULs (Step 103). When at least one piece of up- 
15 transmission power instruction information is an instruction for lowering the 
transmission power, mobile station 13 lowers the transmission power to ULs 
(Step 104). 
[0049] 

For example, it is assumed that the DL from radio base station 1 1 to 
20 mobile station 13 is in the predetermined communication quality or more 
while the DL from radio base station 1 2 to mobile station 1 3 is below the 
predetermined communication quality. In this case, mobile station 13 only 
selects up-transmission instruction information from radio base station 1 1 , 
from among up-transmission instruction information from radio base stations 
2 5 11,12 and determines the transmission power to ULs. As a result, signals 
from mobile station 13 to ULs can be received by radio base station 1 1 at a 
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sufficient receiving level. Both the UL and the DL are in the predetermined 
communication quality or more between radio base station 1 1 and mobile 
station 13, and therefore, the trackability of transmission power control in UL 
and DL is improved. 
5 [0050] 

As described above, according to the mobile communication system 
of the embodiment, during soft handover, UL transmission power calculation 
unit 28 in mobile station 1 3 selects up-transmission power instruction 
information from radio base station having DL with the predetermined quality 

10 or more, from among up- transmission power instruction information from the 
plurality of radio base stations, and determines the transmission power for 
transmitter 27 using only the selected up-transmission power instruction 
information. Accordingly, signals are communicated smoothly between radio 
base station 1 1 and mobile station 1 3 and trackability of power in 

15 transmission power control is improved. 
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